Studies with flbrlnogen coupled to colloidal flbrinogen-gold (Fgn/Au) have suggested that flbrlnogen receptors glycoproteln llb-llla (GPIIb-llla) on human platelets may undergo spontaneous reorganization and centralization during surface activation. The present study has examined that hypothesis. Platelets were allowed to spread on grids for 20 minutes, Just as In previous studies, but they were fixed before, rather than after, exposure to Fgn/Au or latex spherules. A monoclonal antibody to GPIIb-llla was also employed. Control experiments demonstrated that Fgn/Au and latex move toward the central zones and into channels of the open canallcular system on surface-activated platelets treated In the usual manner. However, when surfaceactivated platelets were fixed after spreading and before exposure to llgand, Fgn/Au particles and latex spherules were evenly dispersed over the entire cell membrane. Immunogold staining of GPIIb-llla also revealed edge-to-edge localization of the GPIIb-llla receptors on surface-activated cells. The findings are consistent with the concept that fibrinogen receptors do not undergo spontaneous reorganization on surface-activated platelets. (Arteriosclerosis 10:738-744,
A series of recent investigations by Loftus and Albrecht, 1 Goodman and Albrecht, 2 and Oliver and Albrecht 3 used fibrinogen coupled to colloidal gold to evaluate the organization of fibrinogen receptors, glycoprotein (GP) llb-llla, after surface activation of human platelets. Fibrinogen-gold (Fgn/Au) probes did not bind to resting, discoid platelets, but covered the bodies and pseudopods of cells that had transformed into dendritic platelets. During conversion from dendritic to fully spread forms, the Fgn/Au particles moved from the pseudopods and peripheral margins toward cell centers, where they formed a concentrated mass resembling a cap. The results suggested that GPIIb-llla receptors bound to ligand fibrinogen may undergo spontaneous reorganization on surface-activated platelets. 1 Studies in our laboratory confirmed and extended the results reported by the Wisconsin group. 4 8 6 Fgn/Au receptor complexes were moved from peripheral margins toward centers of surface-activated platelets. 4 However, they seldom reached the central zone. Instead, they entered channels of the surface-connected open canalicular system (OCS) in over 40% of dendritic platelets and 5% to 15% of fully spread cells. 6 The difference in frequency of receptor-ligand filled OCS in dendritic and spread platelets was shown to be due to evagination of the OCS channels during transformation of one form to the other.
Clearance of Fgn/Au from the plasma membrane to OCS channels of surface-activated platelets was essentially identical to the removal of thorium dioxide, 7 small and large latex particles, 89 cationized ferritin, 10 and Fgn/ Au 6 from the surfaces of suspension-activated platelets. The resemblance suggested to us that the central movement of Fgn/Au receptor complexes on surface-activated platelets was driven by the gold, rather than by the coupled fibrinogen, even though fibrinogen was essential for binding gold particles to the GPIIb-llla receptors.
If this conclusion has merit, then fibrinogen receptors probably do not undergo spontaneous reorganization during the shape changes involved in surface activation. The present study has used Fgn/Au and small latex spherules to test that hypothesis. The results of the study demonstrate that GPIIb-llla receptors remain randomly dispersed from edge to edge on fully activated, spread platelets.
Methods

Preparation of Platelets
Blood for the present study was obtained after informed consent from well-characterized, normal donors who had not taken aspirin for at least 10 days. After venipuncture, the samples were mixed immediately with either citrate-citric acid, pH 6.5 (93.0 mmol/1 sodium citrate, 7.0 mmol/1 citric acid, and 140 mmol/l dextrose), in a ratio of nine parts blood to one part anticoagulant, or with 10 mM ethylenediaminetetraacetic acid (EDTA).
Preparation of Flbrinogen-Gold
Kabi grade L and Sigma F4883 fibrinogen preparations were obtained from commercial sources. They were dialyzed against de-ionized distilled water for at least six changes and 3 hours. Desalted fibrinogen solutions were then divided into aJiquots, were snap-frozen, stored at -70°C, and thawed before adsorbtjon. Colloidal gold particles having a diameter of 16 to 18 nm were prepared as described by Loftus and Albrecht. 1 An amount of 0.5 ml of 4% tetrachloroacuric (HAuCU) acid solution was added to 200 ml of de-ionized distilled water and brought to a boil. Then 5 ml of 1% trisodium citrate was rapidly mixed into the boiling solution, and the mixture was refluxed for 30 minutes. The fresh colloid was cooled, and the pH was adjusted to 6.5 with 0.2 N of K 2 CO 3 before use.
The minimum amount of protein necessary to stabilize the colloidal gold particles was determined by adsorbtjon isotherms. 1518 A series of fibrinogen solutions of increasing concentration was made, and 0.5 ml of Au (pH 6.5) was added. After 1 minute, 1 ml of 10% NaCI was combined and rapidly mixed. The minimum concentration of fibrinogen plus 10% of the minimum amount that prevented flocculation by NaCI was added to 10 ml of gold. Based on the adsorbtion isotherm, the average concentration of fibrinogen was 6 iig/ml of gold colloid, and prefiltered (0.45 /Am) 1% polyethylene glycol (M r 20 000) was added to prevent flocculation of the fibrinogen-labeled gold (Fgn/Au). 123 The Fgn/Au was separated and resuspended to 1 ml with prefiltered (0.2 /tin) Tyrode's buffer (pH 7.4) with calcium and magnesium, but without albumin.
Preparation of Latex Spherules
Latex particles with an average diameter of 91 nm and a standard deviation of 5.9 nm were obtained from Sigma (St. Louis, MO). The stock solution was centrifuged to a pellet, then washed and resuspended in HBSS. Washing and resuspension were repeated three times. The final suspension in HBSS represented a one-tenth dilution of the original stock suspension. In some experiments, the suspension of latex was combined with a 10% volume of platelet-poor plasma or a fibrinogen solution (4 mg/ml) made up in HBSS.
Experimental Procedure
Drops of washed platelets were placed on carbonstabilized, formvar-coated grids and were allowed to interact with the surface for 20 minutes at 37°C to produce maximum surface activation. 17 The grids were placed in a moist chamber and were maintained in a 37°C oven to secure constant temperature. Nonadherent platelets were gentJy rinsed off the grid with HBSS before 10 /d of Fgn/Au or latex suspension was applied. After incubation with the adherent platelets for 5 minutes at 37°C, unattached Fgn/Au or latex spherules were removed by rinsing. The grids were then fixed in 2% glutaraldehyde in cacodylate buffer (pH 7.2), at room temperature for 20 minutes, and they were air dried for study in the electron microscope.
Tests of the Hypothesis
Experiments to test the hypothesis whether fibrinogen receptors undergo spontaneous reorganization on surface-activated platelets were carried out in a manner similar to those described in the previous section. However, before exposure to Fgn/Au or latex spherules, the grids were first fixed in 0.01% glutaraldehyde in HBSS. Fgn/Au or latex suspension was then added to the fixed, surface-activated platelets for 5 minutes. The grids were washed in HBSS and were subsequently fixed in 2% glutaraldehyde in cacodylate buffer. In some experiments, fibrinogen (Sigma) in HBSS (4 mg/ml) or plateletpoor plasma was added to the grids of fixed platelets before Fgn/Au or latex suspension.
Immunogold studies were also earned out After grids of platelets spread for 20 minutes were fixed in 0.01% glutaraldehyde in HBSS, they were incubated with a monoclonal antibody to GPIIb-llla, either 10E5 or 7E3, kindly provided by Barry Coller, Stony Brook, New York. After 30 minutes at 37°C, the grids were rinsed in HBSS and were then exposed to mouse anti-IgG coupled to 15 nm gold particles (kindly provided by Gines Escolar, Barcelona, Spain) for 30 minutes. Grids were then washed twice in HBSS and fixed in cacodylate-buffered 2% glutaraldehyde. Grids were drained of excess fluid by touching filter paper wedges to the margin, and they were then air dried.
All experiments in this series were repeated at least three times. Evaluation was carried out in a Philips 301 electron microscope.
Results
Platement-Surface Interaction
Interaction with formvar-coated grids for 20 minutes resulted in a significant shape change in nearly all of the cells. An occasional discoid platelet could be found, but the vast majority were dendritic (5% to 10%) or spread (>90%). 17181 9
Fgn/Au Interaction with Surface-activated Platelets
Discoid platelets did not bind Fgn/Au probes. However, early dendritic platelets did. Fgn/Au particles covered the bodies and extended out on pseudopods of the transformed cells (Figure 1 ). Transformation to late dendritic, early, and late spread platelets resulted in movement of the ligand-receptor complexes toward cell centers (Figures 1, 2, and 3) . In our experiments, the Fgn/Au particles rarely formed a cap in the central region. 458 Rather, the central zone, like the cell margin, was nearly devoid of the dense probes, which were concentrated in an intermediate belt and in channels of the OCS (Figures 2 and 3) . Fgn/Au-filled OCS channels were present in nearly half of the small number of dendritic platelets on grids incubated for 20 minutes and in 5% to 15% of the large number of fully spread cells. electron-dense probe to platelets that had been fixed after spreading resulted in a far different pattern of staining. Fgn/Au particles were spread from edge to edge over the entire surface of every platelet on the formvar grid ( Figure 4) . In general, discoid platelets did not bind Fgn/Au after prefixation. However, dendritic and spread platelets were covered by the probe for GPIIb-llla. The distribution of the particles was slightly irregular, suggesting that clustering similar to that described by Isenberg et al. 20 may have occurred. Exposure of the platelets fixed after spreading to platelet-poor plasma or fibrinogen in solution before incubation with Fgn/Au reduced the level of binding to no more than background ( Figure 5 ). The few particles adhering to the cells were randomly dispersed, rather than clustered. However, more particles appeared over the central area than on the peripheral two-thirds of spread platelet surfaces.
Interaction of Fgn/Au with Surface-activated Platelets after Fixation
Effects of Monoclonal Antibodies on Binding of Fgn/Au by Surface-activated Platelets
Addition of either one or two monoclonal antibodies, 7E3 or 10E5, to surface-activated platelets after glutaral- Figure 5 . Spread platelet fixed after exposure to grid for 20 minutes and exposed to fibrinogen solution (4 mg/ml) for 10 minutes before exposure to fibrinogen goid (Fgn/Au). Unlabeled fibrinogen has saturated most of the receptors. As a result, the amount of Fgn/Au bound is greatly reduced. X6000 Figure 6 . Spread platelet fixed after exposure to a grid for 20 minutes and then exposed to the monoclonal antibody, 7E3, before incubation with fibrinogen gold (Fgn/Au). Uttle or no Fgn/Au has bound to the cell. x6000 dehyde (0.01%) fixation significantly reduced the binding of subsequently added Fgn/Au to the level of background (Figures 6 and 7) . However, the few particles of Fgn/Au bound to the spread platelets previously treated with monoclonal antibodies were usually located in the relatively thick central zone. The hills and valleys created by membrane undulations in this area, and openings where alpha granule contents were discharged through channels of the OCS (see Figure 11 ), appeared to nonselectively trap gold-protein particles. Albumin coupled to gold and gold-labeled anti-human IgG localized nonspedfically in the same central area on spread platelets (data not shown). 
Immunogold Staining of Surface-activated Platelets for GPIIb-llla
The distribution of gold-coupled anti-mouse IgG on surface-activated platelets was similar to that of Fgn/Au on prefixed cells. Particles of gold were distributed over the entire surface of dendritic and spread platelets (Figure 8) . The gold probes identifying GPIIb-llla receptors were somewhat irregular in their distribution, suggesting the possibility that clustering may have occurred. 20 However, there was no apparent evidence that GPIIb-llla receptors had undergone spontaneous central translocation on dendritic or spread cells. 
Latex Interaction with Surface-activated Platelets
The response of surface-activated platelets to latex spherules was virtually identical to their interaction with Fgn/Au. Previous work (unpublished observations) has shown that the small latex particles bind to spread thrombasthenic platelets. However, prior exposure to fibrinogen or to a monoclonal antibody (10E5) reduces the binding of subsequently added latex to the level of background. Another significant difference between Fgn/Au and latex binding to surface-activated platelets is that calcium is required for Fgn/Au, but not for latex.
The translocatjon of latex on surface-activated platelets was very similar to the clearance of Fgn/Au. Discoid platelets did not bind latex. However, small latex spherules covered the bodies and pseudopods of dendritic forms. During spreading, the latex moved from the peripheral margin toward cell centers and filled channels of the OCS (Figures 9 and 10) . Uptake of latex into channels of the OCS could not be identified in wholemount preparations. Therefore, platelets spread on glass for 20 minutes were incubated with latex spherules for 5 minutes and were prepared for study in thin section. Examination of cross-sections revealed latex spherules on platelet surfaces entering channels of the OCS and sequestered in the matrix of residual alpha granules (Figure 11) . Thus, latex was cleared to channels of the OCS on surface-activated platelets in the same manner as Fgn/Au.
Interaction of Latox with Fixed, Surface-activated Platelets
Platelets spread for 20 minutes, fixed, and then exposed to latex suspension revealed particles tightly packed over the entire cell surface (Figure 12) . Exposure of the fixed grids to fibrinogen or platelet-poor plasma before treatment with latex markedly reduced the freFlgure 11. Thin section of platelet spread on glass for 20 minutes and exposed to latex for 5 minutes before fixation, embedding, and sectioning. Latex particles cover the cell surface, fill channels of the open canallcular system (OCS), and have entered the matrix of some alpha granules (G). A crosssection of the platelet in Rgure 10 would most likely look identical, x 16 800 quency of latex spherules binding to platelets to background levels or less (data not shown).
Effect of Monoclonal Antibody 10E5 to Binding of Latex to Surface-activated Platelets
Exposure of surface-activated platelets to an antibody against GPIIb-llla, 10E5, after the spread cells were fixed greatly reduced the subsequent binding of latex. Spherules appeared on the antibody-treated cells, but their frequency was the same as background or less (data not shown).
Rgure 12.
Spread platelet fixed 20 minutes after exposure to a grid and then exposed to latex for 5 minutes. Latex spherules cover the cell from edge to edge. X6400
Discussion
The present investigation has demonstrated that the receptors for fibrinogen, GPIIb-llla, on human platelets did not undergo spontaneous reorganization during surface activation. Exposure to grid surfaces for 20 minutes caused discoid platelets to adhere to the surface and undergo conversion into dendritic cells first and then into fully spread forms.
1 1 7 1 8 1 9 Brief treatment of the surfaceactivated platelets with a low concentration of glutaraldehyde preserved the antigenicity of the GPIIb-llla receptors. As a result, they readily bound ligands, including Fgn/Au and latex spherules. Both ligands were distributed over the entire surface of the fixed, surface-activated cells from one edge to the other. A monoclonal antibody to GPIIb-llla, 7E3, followed by the specific antiimmunoglobulin coupled to gold, was also deposited on the plasma membranes of surface-activated platelets in a random manner from edge to edge. Particles of Fgn/Au and immunogold on prefixed, surface-activated platelets were somewhat irregular in distribution, suggesting that the clustering described by Isenberg et al. 20 may have taken place, but there was no evidence for central translocation of clustered receptors. 1 Thus, the findings support the hypothesis that GPIIb-llla receptors do not undergo spontaneous redistribution on plasma membranes of surface-activated platelets.
The results obtained do not argue against the demonstrated ability of receptors to undergo translocatJon on human platelets. Platelets in plasma or in washed suspensions were found to bind such ligands as thorium dioxide, 7 small and large latex particles, 8 ' 9 cationized ferritjn, 10 and Fgn/Au 8 and to clear them to channels of the OCS. Evidence indicating that GPIIb-llla receptors were involved in particle transport and uptake into the OCS was presented by Santoso et al. 21 They showed that a specific antibody to GPIIb-llla coupled to ferrrtin attached to platelets and was carried into the OCS.
Work by Loftus and Albrecht 1 , Goodman and AIbrecht, 2 and Oliver and Albrecht 3 demonstrated that surface-activated platelets could also transport ligands attached to the fibrinogen receptor. They observed that fibrinogen coupled to gold particles was cleared from the pseudopods and margins of spreading platelets and concentrated into cap-like masses in central zones. They concluded that assembly and contraction of cytoplasmic actin into an inner filamentous zone was the forcegenerating mechanism causing Fgn/Au receptor complexes to move into cap-like masses in platelet centers.
However, their studies failed to reveal any uptake of receptor-ligand complexes by the platelet OCS, as had been demonstrated in many reports on interaction between particulates and platelets in suspension. 6 -10 Investigations in our laboratory supplied this missing link. We demonstrated that many fully spread platelets and nearly half of dendritic platelets contained OCS channels filled with Fgn/Au receptor complexes after surfaceactivation and incubation with the ligand. 466 The reduction in frequency of ligand-receptor filled channels was shown to be due to their evaginatJon during maximum spreading. 8 The similarity in clearance of Fgn/Au receptor complexes from surface-activated platelets to removal of ligands from plasma membranes of suspension-activated cells suggested to us that gold was the factor causing reorganization of GPIIb-llla, not fibrinogen, which linked gold to the receptor. Support for this concept came from a study on the interaction between small latex spherules and surface-activated cells (unpublished observations). Latex covered the bodies and extended out on the pseudopods of dendritic platelets and was cleared to the central zone on fully spread cells. Thin sections revealed that Fgn/Au was also taken up into the OCS of the surface-activated platelets. The finding that latex was removed from surface-activated platelets in the same manner as Fgn/Au suggested that similar mechanisms were involved, and that removal of both ligands was essentially identical to clearance on suspension-activated cells, although each ligand required a different receptor.
If the partjculate, not fibrinogen, were the stimulus for clearance from the platelet surface, then reorganization of GPIIb-llla might not occur spontaneously during the shape change triggered by surface activation. The present study has shown that to be the case. Fixation after surface activation of platelets before incubation with Fgn/Au, latex spherules, or a specific antibody to GPIIbllla resulted in edge-to-edge staining of the cell surfaces. Although some clustering may occur, the findings indicate that the GPIIb-llla and other mobile receptors do not spontaneously relocate toward cell centers during the shape change associated with surface activation. Rather, the GPIIb-llla receptors remain widely, though irregularly, distributed on spread cell membranes.
There are cogent reasons for GPIIb-llla receptors to retain their dispersion even if clustered 20 during shape change on surface-and suspension-activated platelets. Pseudopods and peripheral margins serve as major contacts between platelets and subendothelium, fibrin strands, and each other. If receptors moved away from by guest on June 19, 2017 http://atvb.ahajournals.org/ Downloaded from the platelet periphery and pseudopods during shape change and tension development, then the cell margins and pseudopods would lose contact. The spread platelet might detach from the subendothelium, resulting in breakdown of the hemostatic plug. Movement away from pseudopods of platelets involved in clot retraction might also result in detachment and loss of tension.
Yet, the ability of platelet surface membrane receptors to translocate is extremely important. The mechanism can clear from the plasma membrane ligands that might interfere with membrane availability. However, it is unlikely that the mechanism of receptor translocation exists primarily to bring particulates across the platelet plasma membrane to the OCS. Rather, its major purpose may be to facilitate movement of the OCS and the rest of the platelet membrane to a foreign surface. Without such a mechanism, platelets could not spread or maintain tension on surfaces and could not retract clots.
